Fluid transport was gravimetrically measured in vivo in the duodenum, jejunum, and ileum of anaesthetised fed, 72 hour starved and 72 hour starved rats refed for up to five days after starvation. Basal unstimulated fluid transport was monitored by instilling 0.9% NaCI into the lumen and measuring the gain or loss in weight of the closed intestinal loop. Fluid was absorbed in all the areas of the intestine in the fed rats. Increasing basal fluid absorption was observed in the duodenum over the three days of starvation but in the jejunum there was no significant change. In the ileum, the pattern was very different, on day 1 the fluid was absorbed but on days 2 and 3 there was an increasing secretion of fluid. Refeeding the rats with their normal diet restored the basal absorption of fluid in the duodenum within 24 hours, had no effect in the jejunum but in the case of the ileum the hypersecretion of fluid observed in the day 3 starved rat was maintained on day 1 of refeeding, increased further on day 2, decreased on day 3 but returned to absorption on day 4. The normal absorption was restored to the ileum on day 5 of refeeding. Fluid secretion was induced in all the rat groups by bethanechol (ip 60 Rgfkg bw) a stable cholinergic agonist, PGE2 (ip 10 rig/kg (bw) and E coli STa (luminally insilled, 500 ng/ ml) a secretory enterotoxin. All the secretagogues gave enhanced secretion compared with the fed by day 2 of starvation which increased considerably on day 3. Refeeding returned their secretion back to the fed level in the duodenum within 24 hours, in the jejunum within 48 hours but in the ileum their induced secretion on day 2 of refeeding was greater than that of the day 3 starved and took until day 4 to return to the fed levels for behanechol and PGE2 and until day 5 for E coli STa. This behaviour of rat small intestine showing even greater hypersecretion in the refed state than the starved mimics the human condition of alimentary induced diarrhoea where incautious feeding of starved humans induces severe, often lethal diarrhoea. The refed starved rat appears to be a possible model for this condition.
Abstract
Fluid transport was gravimetrically measured in vivo in the duodenum, jejunum, and ileum of anaesthetised fed, 72 hour starved and 72 hour starved rats refed for up to five days after starvation. Basal unstimulated fluid transport was monitored by instilling 0.9% NaCI into the lumen and measuring the gain or loss in weight of the closed intestinal loop. Fluid was absorbed in all the areas of the intestine in the fed rats. Increasing basal fluid absorption was observed in the duodenum over the three days of starvation but in the jejunum there was no significant change. In the ileum, the pattern was very different, on day 1 the fluid was absorbed but on days 2 and 3 there was an increasing secretion of fluid. Refeeding the rats with their normal diet restored the basal absorption of fluid in the duodenum within 24 hours, had no effect in the jejunum but in the case of the ileum the hypersecretion of fluid observed in the day 3 starved rat was maintained on day 1 of refeeding, increased further on day 2, decreased on day 3 but returned to absorption on day 4. The normal absorption was restored to the ileum on day 5 of refeeding. Fluid secretion was induced in all the rat groups by bethanechol (ip 60 Rgfkg bw) a stable cholinergic agonist, PGE2 (ip 10 rig/kg (bw) and E coli STa (luminally insilled, 500 ng/ ml) a secretory enterotoxin. All the secretagogues gave enhanced secretion compared with the fed by day 2 of starvation which increased considerably on day 3. Refeeding returned their secretion back to the fed level in the duodenum within 24 hours, in the jejunum within 48 hours but in the ileum their induced secretion on day 2 of refeeding was greater than that of the day 3 starved and took until day 4 to return to the fed levels for behanechol and PGE2 and until day 5 for E coli STa. This behaviour of rat small intestine showing even greater hypersecretion in the refed state than the starved mimics the human condition of alimentary induced diarrhoea where incautious feeding of starved humans induces severe, often lethal diarrhoea. The refed starved rat appears to be a possible model for this condition. (Gut 1992; 33: 1050 -1056 Diarrhoea is a common occurrence in severely starved or undernourished man. '2 Incautious refeeding exacerbates the diarrhoea so that, a few days after realimentation, death may occur. ' 1 The most detailed study of this phenomenon was by Helweg-Larsen et al,' concerning severely malnourished Danish subjects who had been incarcerated in a second world war concentration camp. They described a non-febrile, ' Over the last few years, we have shown that after 24 hours, progressive starvation of up to three days duration induces hypersecretion in the rat small intestine,"'" large intestine,'3 and also the rectum'4 in response to a variety of secretagogues and bacterial toxins.'5 The starved rat thus appears to be a useful model for studying the hunger or famine diarrhoea observed in humans. '7 In order to assess the utility of the rat as a model for 'alimentary diarrhoea' the effects of refeeding the starved rat were examined using electrogenic Cl-secretion, measured as the short circuit current (Isc), across duodenal, jejunal and ileal sheets of intestine in vitro. 16 Multiple comparisons of the data were accomplished first by the Kruskal-Wallis nonparametric analysis of variance followed by Conover's multiple t test to identify specific significant differences using the computer program of Theodorsson-Nordheim. '`Statistical significance was assumed when p<0-05.
Results

DAILY FOOD INTAKES
The daily food intakes of rats refed after three days starvation was monitored to ensure that they consumed a level commensurate with that of normal fed controls. The results are shown in Table I . None of the food intakes on the refeeding days were significantly different from those of the fed controls.
FLUID MOVEMENTS DURING STARVATION AND REFEEDING
Basalfluid movements
The results for the net fluid transport into (secretion) and from (absorption) the lumen of the proximal duodenum, midjejunum and proximal ileum for the basal, unstimulated condition in fed control, starved and refed starved rats are shown in Table II . In the case of the duodenum a significant increase in the net basal absorption was not seen until day 2 of starvation (+30%, a v c, p<0-01). There was a small, after the three day starvation, restored the basal lyfood intake(g) absorption to the fed control level and a second 2) [7] day of feeding (day 2) had no further effect. The 2) [10] jejunal basal absorption showed no significant l1) [12] 2) [9] change during the three days of starvation or by 1) [8] the refeeding compared with the fed controls.
2) [8] The behaviour of the basal activity of the proximal ileum to. starvation showed some surnal duodenum, prising differences from either that of the duoPed and day I to denum or jejunum. The first day of starvation (SE) with the (day 1) caused a small but insignificant reduction of the basal absorption. On the second day (day 2) the net absorptive tone was converted to a net Ileum secretory one (n v p, p<0001) and this secretory 717 (36) Figure 1 . Compared with the fed, a significant increase in the duodenal secretion was not observed until the second day of starvation (day 2, +170%, p<0-001). This was greatly increased on the third day of starvation (day 3, + 560%, p<0-001). Refeeding for one day restored the secretion to the level of the fed controls and the second day of refeeding (day 2) had no further effect.
In the jejunum, a significant increase in the Ileum bethanechol stimulated secretion was only observed after two days of starvation (day 2, + 126%, p<0-001). This greatly increased on the next day of starvation (day 3, +241%, p<0.001).
On the first day of refeeding, the evoked secretion was not significantly different from that of the previous starved day (day 3 starved).
By the second day of refeeding, however, the secretion had decreased significantly compared n il with the first refeeding day (day 2, -58%, p<001). This fall in the secretion was continued so that on the third day of refeeding the secretion 4 5 was not significantly different from that in the fed. num, jejunum, With the ileum, the secretion evoked by plotted as mean bethanechol was significantly increased coms gbyveConoear's pared with the fed controls on the second day of starvation (day 2, +42%, p<0 01). A further day Duodenum refeeding, the fluid secretion returned to the fed level (+10%, p>005 fed level on day 3 (+9%, p>0Q05). In the ileum, STa induced secretion also showed an enhanced of starvation caused a very large increase in the level compared with the fed on day 2 of starvaevoked secretion (day 3, +227%, p<0-001). The tion (+ 129%, p<0.001) which increased greatly first day of refeeding did not significantly change on day 3 (+406%, p<0.001). The STa induced the secretion compared with that on the previous secretion was greater than the previous starved starved day (day 3) but the second day of maximum on the first day of refeeding (+473%, refeeding caused a significant increase in the p<0 001) and reached even higher levels on day secretion whether compared with the first 2 of refeeding (+609%, p<0001). By day 3 of refeeding day (+28%, p<0.001) or to the final refeeding, the secretion was decreasing (+ 240%, day of starvation (+37%, p<0-01). The third p<0001) and was further reduced on day 4 day of refeeding caused a dramatic fall in the (+68%, p<0-01) but it was still greater than the secretion compared with the second refeeding fed level (p<0-01). By day 5 of refeeding, the day (-50%, p<0-001) and this fall in secretion value had fallen dramatically and the STa continued on the fourth day of refeeding from induced secretion was not significantly greater the third day (-54%, p<0-001). The secretion than that of the fed ileum (+ 10%, p>005).
evoked by bethanechol on the fourth and fifth day of refeeding was restored to the level of the fed controls (p>005). Discussion
PGE2 stimulated fluid movements
The results for the net fluid secretion in the duodenum, jejunum and ileum of the fed, starved and refed rats are shown in Figure 2 . In the duodenum, PGE2 induced net secretion was not significantly increased above the fed level until 48 hours of starvation (+42%, p<0001 The balance between an absorptive and secretory tone in the small intestine is brought about by a complex interaction of neural and paracrine influences imposed on the basal ion transport functions of villus and crypt cells.20 '4 The simple concept that only the crypt enterocytes secrete while the villus cells absorb25 has to be modified now as Stewart and Turnberg2' have shown that in the rat, Cl-dependent depolarisations occur in the apical membrane potentials of crypt and villus enterocytes when secretion is activated. This strongly suggests that villus cells are involved in secretion as well as absorption. The current explanation for the secretion of fluid by the intestine envisions the fluid moving to the lumen as the osmotic consequence of ion secretion27 which is often, but not always, electrogenic. 28 Many of the secretagogues that elicit secretion in vivo also inhibit neutral NaCl uptake and thus fluid absorption, which obviously appears to amplify the amount of fluid secreted but it is not known if these two processes are always activated simultaneously in vivo. The major ionic component of the basal unstimulated short circuit current measured in vitro in the rat duodenum, jejunum, and ileum has been found to be a lumenally orientated, electrogenic Clsecretion with a smaller component of electrogenic HCO-3 secretion in the duodenum and ileum.' '2 In vivo, however, fluid movements linked to the basal electrogenic secretory tone appear to be modulated by neutral, nonelectrogenic absorptive mechanisms in the case of the duodenum but apparently not in the jejunum. Similarly, with the ileum in vivo, the electrogenic secretory mechanisms observed in vitro appear, on the first day of starvation, to be modulated by the neutral absorptive processes. On progressive starvation, however, the absorptive tone becomes dominated by the secretory mechanism(s). It is not unusual to find in vivo and in vitro studies on fluid and ion transfer to be in disagreement. Cooke and Carey,29 reviewing the level of enteric tonic neural activity influencing basal ion transfer in vitro (measured as the short circuit current) and basal ion and fluid transfer measured in vivo, reported that the conflicting results were probably caused by factors such as luminal contents and stretch of the gut wall affecting the neural activity at the time of removal or measurement. Thus, although we have shown that secretagogue activated maximum hypersecretory response of the starved small intestine is independent of any neural mechanism in vitro' " this does not exclude that in vivo the extrinsic/intrinsic neural innervation of the ileum influences the balance between the basal, net absorptive and secretory tone or the duration of the response.
One fact is clear from the food intake measurements of the starved then refed rats, the changes This suggests that the rapid duodenal secretory response is because of direct changes occurring in the enterocytes actually on the villus rather than through changes in migration or mitosis induced by the feeding. Whatever the final explanation it is clear that the duodenal, jejunal and ileal enterocyte responses to refeeding are different suggesting that the various levels of the small intestine have different operational mechanisms. This conclusion was also offered by Holt, Wu, and Yeh3' who reported that three day starvation in their rat experiments induced hypoplasia in the duodenum but not in the ileum while refeeding caused ileal hypoplasia but restored the duodenum to control levels.
The enhancement of the maximal secretion by starvation in response to bethanechol and PGE2 in all regions of the intestine in vitro is caused by a non-nervous, postreceptor mechanism."0' In the case ofE coli STa, however, while the toxin is known to directly activate the production of cyclic GMP in the enterocytes causing both electrogenic ion and fluid secretion32 other suggestions are that it can also act, at least in the jejunum, through the enteric neural plexus33 to cause fluid secretion or, in a more recent claim, by the local gut release of 5-hydroxytryptamine which then activates ion secretion and inhibits fluid absorption. 34 Finally, a possible criticism of our descriptive nomenclature of the experimental condition we are studying needs comment. While we are measuring 'alimentary induced intestinal fluid hypersecretion' and are equating it with 'alimentary diarrhoea' we have not shown this latter condition in the intact adult rat, although Thaysen and Thaysen7 did in young rats. We have detailed previously, however, why the intact, conscious adult rat shows little or no evidence of frank secretory diarrhoea because of the huge reserve capacity of its caecum'" to store and reabsorb any excess fluids secreted by the small and large intestine. As the underlying mechanism(s) for any frank, secretory diarrhoea must entail an enhanced secretory component with an unchanged or even reduced absorptive component and as we have shown clearly that in the adult refed starved rat that secretory activity is greatly enhanced even above that of the starved rat in the ileum, we feel justified in naming the hypersecretory condition brought about by the refeeding of the starved rat 'alimentary diarrhoea' rather than the more accurate, but longer and clumsy, 'alimentary induced intestinal hypersecretion.' The refed starved rat model offers exciting possibilities for the exploration of the best nutrients to feed to restore normal absorption and reduce or inhibit the intestinal hypersecretion.
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